A class I gene distinct from HLA-A, -B, or -C was identified in a cosmid clone and transfected into mouse L cells. The gene, placed adjacent to the polyoma enhancer, produced a full-length class I mRNA and high levels of a 43-kDa protein in the cytoplasm. The surface expression of the gene product required its association with human P2-microglobulin.
The HLA class I region of the human major histocompatibility complex is composed of a family of closely related genes located on the short arm of chromosome 6 (6p2l). Although >20 distinct genes or pseudogenes per haploid genome have been identified in this multigene family by molecular cloning (1) , the encoded products of only three (HLA-A, -B, and -C) have been detected serologically. These proteins serve as restriction elements in the lysis of virally infected cells by cytotoxic T lymphocytes and are the major determinants in directing tissue graft rejections.
Some of the class I genes map telomeric to the HLA-A locus (2), a region that in the mouse contains Qa/TL genes (3) . The nucleotide sequence of two, the HLA12.4 (4) and LNI I (5), class I pseudogenes was >80% homologous to the HLA-A, -B, and -C genes.
Here we report the cloning, sequencing, molecular mapping, and expression of a human class I gene, the derived amino acid sequence of which revealed a level of divergence from HLA-A, -B, and -C locus proteins comparable to that noted between H-2 and some of the Qa/TL region genes in the mouse (6) .
MATERIALS AND METHODS
Cell Lines. The human B-lymphoblastoid cell lines 3.1.0 (7), JY (8) , and GM3104 (National Institute of General Medical Sciences human cell repository), the T-cell lines MOLT-4, HuT 78, HuT 102 (all from American Type Culture Collection), and SU (9) and the mouse cell lines LMTK-(ATCC) and J27 (10) were maintained in Dulbecco's modified Eagle's medium supplemented with 10% heat-inactivated fetal bovine serum.
The procedures for megabase mapping of the human major histocompatibility complex have been published elsewhere (11) . Genomic DNA was electrophoresed along with yeast chromosomes and multimeric forms of phage X genome as markers. The gel was blotted onto nitrocellulose paper by a standard technique (12) .
The preparation of the genomic cosmid libraries from the HLA hemizygous cell line 3.1.0 (HLA-A2, B27, Cwl, DR], DQwJ) is described elsewhere (13) . The cosmid RS5 was isolated using as a probe a 6.4-kilobase (kb) EcoRI fragment containing the pseudogene LNII (5) cloned in Xgt WES. The clone RS5 has an insert of z38 kb. An 18-kb EcoRI fragment contained the entire class I sequence. Subclones were made from this clone as follows: an 18-kb EcoRI fragment containing the gene cloned either in pBR322 (5.1) or in the vector poly-ori-Bam [py 5.1; the vector poly-ori-Bam has a 433-base-pair (bp) fragment containing the polyoma virus origin of replication and enhancer cloned in the BamHI site of the plasmid pBR322] and a 700-bp terminal EcoRI fragment of the cosmid clone RS5 cloned in pBR322 (5.10). Two additional subclones, 5.1A and 5.1B (see Fig. 2 ), were made from the 18-kb EcoRI fragment after BamHI digestion and contain the 5' and 3' halves of the class I gene, respectively.
Nucleotide sequencing of subclones 5.1A and 5.1B in the Sma I-cut M13 vector M13mp8 was carried out using Sanger's dideoxy method (14) .
Two mouse cell lines, LMTK-and the LMTK--derived J27 were used in transfection studies (15) . The cell line J27 was obtained by Kavathas and Herzenberg (10) after the transfection of the human genomic DNA into LMTK-cells and selection for the expression of human ,82-microglobulin. RNA Blot Analysis. Total cytoplasmic RNA was isolated by Nonidet P-40-mediated cell lysis (16) . The poly(A)+ RNA was fractionated by electrophoresis in 1.4% (wt/vol) agarose gels containing 2.2 M formaldehyde and transferred to nylon membranes (12) . The hybridizations were carried out for 24-36 hr at 42°C in 6x NaCl/Cit (lx NaCl/Cit = 0.15 M NaCl/0.015 M sodium citrate)/0.3% nonfat dry milk/0.1% NaDodSO4/50% (vol/vol) formamide. Final washes were carried out at 55°C in 0.1x NaCl/Cit and 0.1% NaDodSO4. The surface expression of the products of the transfected gees was assayed by published procedures (17) . The HLA framework antibody A1.4 (9) was provided by C.-Y. Wang (Memorial Sloan-Kettering Cancer Center, New York), W6/32 was purchased from ATCC, and xenoantiserum against several B-cell and T-cell leukemias was raised in our laboratory.
Cells were grown on Lab-tek chambers (Miles, Naperville, IL) and fixed overnight with 3% paraformaldehyde in Dulbecco's phosphate-buffered saline (PBS) at room temperature. The cells were permeabilized with 0.1% Triton X-100 (10 min) and washed with 50 mM PBS (pH 8.0) containing 20 mM lysine and 0.05% polyoxyethylene sorbitan monolaurate (wash buffer). Antiserum was applied to the cells at a dilution of 1:200 in wash buffer containing 25% goat serum and 0. Immunology: Srivastava et al. TCTCCATC TCCT TCT TGGGCTAhGGbCTGTGCCCACAGC TGhCACAC  CTCAAAACAGTAGAAGAAACAGGGATGAGGCCAGAATACCAC TCC TCCCTTGGA TCAGGAGAGGGAGCTGTCACC TGAGGTACAGGAGATCC TATACCACAGAGTrGAC TC TC T TAAGGC  CAGACCTCTCTCAG6G6GCAAT TAAG6AATCTAGTCTCGCTGGAGATTCCATCCTTCAGATGACCTGATGAGCAGTTCTCTT TGACTCCCAGTAT TAGGAA TCACGGGGGAGT TTC TCTC  GT6CCTGAT TCTCAGCCCCACACCAGAGTtTTTTGGAGGTCTGACTCCAGCT TT TCTCAGTCACTCAGCATCCACACAGGCCGGCCAGGACCAGAAA TCCCTT TTC.ACCTC TCAhCChC¢,CA AACTCCAATAAGAAGAGGGACCCAGGACCCTAAGGTCCATTCGG TGGCAAAGGGATGGTCCTCGTCCTCTTCTCCTACTAT AATTGTCCTC TTCCTTCTCAQGGATGGTCACATGGGTGC T Exon 4 (2). To identify this region at the molecular level, PFG hybridization studies were carried out using cross-reactive and locus-specific probes. The class I HLA cross-reactive probe pDPOO1 (18) identified three Not I fragments (1090, 540, and 190 kb) in the genome of the 3.1.0 cell line (11) . The HLA-B locus-specific probe pRS30.4 (19) hybridized to the 1090-kb fragment, while the HLA-A locus-specific probe A2a.1 (20) hybridized to the 540-kb fragment. Thus, the 540-kb fragment is telomeric to the HLA-B locus. As evident from the partial Not I digests of genomic DNA (see Fig. 1 Inset), the 190-kb Not I fragment is located adjacent to the 540-kb fragment and may represent the telomeric portion of the class I region. A probe from the cosmid RS5 (5.10; Fig.  2 ) hybridized to this 190-kb Not I fragment (Fig. 1) .
Expression of the Clone py5.l on Transfection into Mouse Cell Lines LMTK-and J27. The cosmid clone RS5 cotransfected into mouse LMTK-cells expressed a very low level of detectable poly(A)+ mRNA. No surface product could be detected by ELISA using the monoclonal antibodies W6/32 and A1.4 or the xenoantiserum. However, when the subclone py5.1 (Fig. 2b) was transfected, considerable amounts of class I transcript (Fig. 3) were produced, and the class I protein was detectable in the cytoplasm by immunofluorescence (Fig. 4) Derived amino acid sequence comparisons. The alignment of the amino acid sequences of the RS5-encoded protein and several other class I proteins is shown in Fig. 6 . The average homology between RS5 and HLA-A, -B, and -C locus proteins is -61% (first external domain, al), 64% (second external domain, a2), 89% (32-microglobulin-binding domain, a3), 69% (transmembrane domain), and 67% (cytoplasmic domains), The average amino acid sequence homologies in the corresponding domains of the HLA-A, -B, and -C locus proteins are 80%, 81%, 93%, 70%, and 76%, respectively. The carboxyl terminus of the RS5 protein is five amino acids shorter than in most class I proteins. All of the carboxylterminal serine residues (positions 313, 314, 320, 329, 333, and 337, Fig. 6 ), which have been previously identified to be the sites of phosphorylation (24) (Fig. 6) . RS5 has an additional divergent region in the al domain spanning residues 5-16, corresponding to the first variable segment of class I proteins identified by Sood et al. (26) . The hydrophobic character of the transmembrane domain and the hydrophilic nature of the cytoplasmic domain are maintained.
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Expression of RS5 in JY cell line. As shown in Fig. 7 , a 1600-nucleotide-long mRNA transcript could be detected in the B-cell line JY when the 30-nucleotide-long probe (complementary to nucleotide residues 3239-3267 in Fig. 5) specific for the gene RS5 was used. Little or no transcript was detected in the T-cell lines MOLT-4, HuT 78, HuT 102, and SU. No transcript was detected in the B-cell line 3.1.0, from which the clone RS5 was derived. No detectable hybridization was seen with the cloned genes from the HLA-B and -A loci (Fig. 7) .
DISCUSSION
The gene sequences of several alleles of the polymorphic loci HLA-A, -B, and -C have been reported (reviewed in ref. 1). While the structure, mapping, and function of the class I genes of these three loci are well documented, little is known about the structure, mapping, and function of an additional 20 or more genes belonging to the class I family, except that some are pseudogenes. Many, but not all (17) , of these additional class I genes map telomeric to the HLA-A locus.
Of a large number of cloned class I genes other than HLA-A, -B, or -C transfected into mouse LMTK-cells, five made full-length transcripts detectable with the human class I cross-reactive probe pDP001 and also produced serologically detectable peptides. One of these clones, RS5, was subjected to detailed analysis for the following reasons: (i) it was one of a small group of genes contained within a large EcoRI fragment (most class I genes reside in 6-to 7-kb EcoRI fragments), (ii) the gene RS5 was present in each of two genomes examined, (iii) the gene RS5 was located in the telomeric region of the major histocompatibility complex.
The gene has a similar pattern of exon/intron organization to known class I genes. No remarkable differences in the lengths of the introns are noticed such as have been found between H2 and Qa/TL genes (27) . As with the H2 D/L (28) and TL (29) region genes, but unlike HLA-A, -B, or -C genes, a full-length SINE (21) element was found at the 3' untranslated end of the gene RS5. This is cotranscribed and provides the poly(A) adenylylation site.
Conserved amino acid residues, resembling those in many of the mouse or rabbit class I proteins (22) , can be found in the RS5-encoded protein where it diverges from the human class I proteins. Such amino acid residues are seen at position 10 sequence divergence between the three external domains of RS5 and HLA-A, -B, and -C locus proteins is of the same order as noticed between H2 and several of the Qa/TL region gene products (6) .
In the mouse, the Qa/TL region has been molecularly characterized and represents an array of relatively nonpolymorphic class I genes (3) . Certain of these genes encode B-cell-, T-cell-, and leukemia-specific membrane molecules. Others are expressed as secretory proteins (30) . No function has been assigned to these murine gene products and they do not appear to serve as restriction elements. Some ofthe genes in this region have been identified as a potential source of donor sequences involved in the gene conversion events (31) . Possible human analogues of mouse Qa-and TL-like proteins (32) have been identified based on the selective expression in populations of lymphoid cells of certain P2-microglobulinassociated proteins (33) . The genes encoding putative human TL equivalent antigens (CD1) have been cloned (34) and found to constitute a family of five genes that has been mapped outside of the HLA complex (on chromosome 1). The restricted expression and the molecular mapping of RS5 are consistent with the possibility that it may be the human analogue of a murine Qa/TL region gene. It remains to be determined whether there is any functional distinction between RS5' and RS5-cells.
